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(54) INSPECTING AN INTERIOR OF A GAS TURBINE ENGINE APPARATUS

(57) During an inspection method, an inspection
scope is inserted into an interior of an apparatus of a gas
turbine engine. An image of the interior of the apparatus
is captured to provide / output image data. A location of
the inspection scope within the interior of the apparatus
when the image is captured is determined to provide lo-
cation data, where the determining of the location in-
cludes comparing the image data to model data from a

model of the apparatus. During the course of inspection,
movement of the inspection scope is tracked within the
interior of the apparatus using the location data. The lo-
cation data may be derived by feature recognition and/or
motion tracking of live feed from a scope video output to
features available in a field of view within duplicate CAD
model.
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Description

TECHNICAL FIELD

[0001] This disclosure (invention) relates generally to
inspection and, more particularly, to inspecting an interior
of an apparatus of a gas turbine engine.

BACKGROUND INFORMATION

[0002] A gas turbine engine includes various compo-
nents with one or more internal volumes. It may be de-
sirable to visually inspect one or more of these internal
volumes during a manufacture process of a component
and/or after a length of service of the component in the
gas turbine engine. Various devices and methods are
known in the art for inspecting an interior of a gas turbine
engine component. While these known devices and
methods have various benefits, there is still room in the
art for improvement.

SUMMARY

[0003] According to an aspect of the present invention,
an inspection method is provided. During this inspection
method, an inspection scope is inserted into an interior
of an apparatus of a gas turbine engine. An image of the
interior of the apparatus is captured to provide image
data. A location of the inspection scope within the interior
of the apparatus when the image was captured is deter-
mined to provide location data, where the determining of
the location includes comparing the image data to model
data from a model of the apparatus. Movement of the
inspection scope is tracked within the interior of the ap-
paratus using the location data.
[0004] According to another aspect of the present in-
vention, another inspection method is provided. During
this inspection method, a sensor is inserted into an inte-
rior of an apparatus of a gas turbine engine. Feature data
indicative of a feature within the interior of the apparatus
is obtained using the sensor. A location of the sensor
within the interior of the apparatus when the feature data
was obtained is determined to provide location data,
where the determining of the location includes comparing
the feature data to model data from a model of the ap-
paratus. One or more areas of the interior of the appa-
ratus that have been inspected with the sensor are
mapped using the location data.
[0005] According to still another aspect of the present
invention, a system is provided for inspecting an interior
of an apparatus. This system includes an image sensor
and a processing system. The image sensor is config-
ured to: insert into the interior of the apparatus; and cap-
ture an image of the interior of the apparatus to provide
image data. The processing system is configured to: de-
termine a location of the image sensor within the interior
of the apparatus when the image was captured to provide
location data, where the location is determined by com-

paring the image data to model data from a model of the
apparatus; and map one or more areas of the interior of
the apparatus that have been inspected with the image
sensor using the location data.
[0006] The following optional features may be applied
to any of the above aspects.
[0007] The processing system may also be configured
to identify one or more areas of the interior of the appa-
ratus that have not been inspected with the image sensor
using the location data.
[0008] The system may also include a borescope that
includes the image sensor.
[0009] The inspection method may also include iden-
tifying one or more areas of the interior of the apparatus
that have not been inspected with the sensor using the
location data.
[0010] The inspection method may also include cap-
turing an image of the interior of the apparatus to provide
image data using the sensor. The image data may include
the feature data.
[0011] The inspection scope may include an image
sensor. The image may be captured using the image
sensor.
[0012] The image sensor may be configured as or oth-
erwise include a camera.
[0013] The image sensor may be arranged at a head
of the inspection scope.
[0014] The model may be a CAD model of at least a
portion of the interior of the apparatus.
[0015] The comparing of the image data to the model
data may include comparing one or more surface fea-
tures in the image to one or more surface features in the
model.
[0016] The determining of the location may also in-
clude: determining a distance traveled by the inspection
scope within the interior of the apparatus to provide dis-
tance data; and using the distance data during the com-
paring of the image data to the model data.
[0017] The inspection method may also include pro-
viding entry location data indicative of where the inspec-
tion scope enters the interior of the apparatus. The de-
termining of the location may also include using the entry
location data during the comparing of the image data to
the model data.
[0018] The movement of the inspection scope within
the interior of the apparatus may be tracked to map which
one or more areas of the interior of the apparatus have
been inspected with the inspection scope.
[0019] The movement of the inspection scope within
the interior of the apparatus may be tracked to identify
which one or more areas of the interior of the apparatus
were not inspected with the inspection scope.
[0020] The inspection method may also include: linking
the image data to the location where the image was cap-
tured to provided location-linked image data; and saving
the location-linked image data for recall following removal
of the inspection scope from the interior of the apparatus.
[0021] The interior of the apparatus may include a net-
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work of internal volumes.
[0022] The inspection scope may be inserted into the
interior of the apparatus while the apparatus is separate
from the gas turbine engine.
[0023] The inspection scope may be inserted into the
interior of the apparatus while the apparatus is arranged
with the gas turbine engine.
[0024] The present disclosure may include any one or
more of the individual features disclosed above and/or
below alone or in any combination thereof.
[0025] The foregoing features and the operation of the
invention will become more apparent in light of the fol-
lowing description and the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a schematic illustration of a gas turbine
engine apparatus.
FIG. 2 is a schematic illustration of an inspection
system.
FIG. 3 is a flow diagram of a method for inspecting
an interior of the gas turbine engine apparatus.
FIG. 4 is a schematic illustration of the inspection
system arranged with the gas turbine engine appa-
ratus.
FIG. 5 is a schematic illustration of a display depicting
a location of an inspection scope within the interior
of the gas turbine engine apparatus.
FIG. 6 is a schematic illustration of a display depicting
a mapping of which areas have been inspected and
which areas have not been inspected with the in-
spection system.

DETAILED DESCRIPTION

[0027] The present disclosure includes systems and
methods for inspecting an interior of an apparatus for a
gas turbine engine. FIG. 1 is a schematic illustration of
such a gas turbine engine apparatus 10. This gas turbine
engine apparatus 10 may be configured as or otherwise
include a component of the gas turbine engine, an as-
sembly of the gas turbine engine and/or a structure of
the gas turbine engine. The gas turbine engine apparatus
10, for example, may be configured as a rotor blade, a
stator vane, a vane array, a rotor disk, a shaft, a support
structure, a reservoir or any other component, assembly
and/or structure within the gas turbine engine with one
or more internal volumes.
[0028] The gas turbine engine apparatus 10 of FIG. 1
includes an interior 12 with a network of one or more
internal volumes 14A-E (generally referred to as "14").
These internal volumes 14 may be formed by one or more
internal spaces, one or more internal cavities, one or
more internal orifices and/or any other open areas within
the gas turbine engine apparatus 10. At least a portion
or an entirety of such internal volumes may not be visible

from an exterior of the gas turbine engine apparatus 10,
particularly where there is no straight line of sight from
the exterior of the gas turbine engine apparatus 10 to
one or more portions of a respective internal volume 14.
The network of internal volumes 14 in FIG. 1, for example,
includes a trunk passage 16 and one or more branch
passages 18A-C (generally referred to as "18"), where
the branch passages 18 are fluidly coupled with and
branch off from the trunk passage 16. The (e.g., interme-
diate) branch passage 18A of FIG. 1 is arranged parallel
with the trunk passage 16. The (e.g., side) branch pas-
sages 18B and 18C of FIG. 1 are angularly offset from
the trunk passage 16. Material of the gas turbine engine
apparatus 10 may thereby obstruct a line of sight to one
or more portions of each branch passage 18. Further-
more, it may also be difficult to visually observe one or
more surfaces forming the branch passage 18 and/or the
trunk passage 16 depending, for example, on a size (e.g.,
diameter) of the respective passage 16, 18 and/or a lon-
gitudinal length of the respective passage 16, 18.
[0029] The gas turbine engine apparatus 10 may be
visually inspected at one or more points in a lifecycle of
that apparatus 10. The gas turbine engine apparatus 10,
for example, may be inspected during and/or following
manufacture of the gas turbine engine apparatus 10 to
check for flaws and/or otherwise verify design specifica-
tions of the gas turbine engine apparatus 10. The gas
turbine engine apparatus 10 may also or alternatively be
inspected following use of the gas turbine engine appa-
ratus 10. The gas turbine engine apparatus 10, for ex-
ample, may be inspected following a predetermined
number of flight cycles and/or engine operating hours.
The gas turbine engine apparatus 10 may also or alter-
natively be inspected following suspected (e.g., FOD or
other) damage to the gas turbine engine apparatus 10.
[0030] During apparatus inspection, it may be desira-
ble to visually inspect the apparatus interior 12 of the gas
turbine engine apparatus 10. FIG. 2 is a schematic illus-
tration of a system 20 for performing such an inspection.
This inspection system 20 may be configured as a bore-
scope inspection system. The inspection system 20 of
FIG. 2, for example, includes an electronic inspection
scope 22 (e.g., a borescope), a display 24 (e.g., a screen,
a monitor, a touch screen, etc.) and a processing system
26.
[0031] The inspection scope 22 includes a scope body
28 (e.g., a tether), a scope head 30 and at least one
scope sensor 32. The scope body 28 extends longitudi-
nally along a longitudinal centerline 34 of the inspection
scope 22 from a base end of the inspection scope 22 to
the scope head 30. The scope body 28 is a flexible body.
The scope body 28 may or may not include one or more
internal actuators for manipulating a configuration of the
inspection scope 22. The scope head 30 is disposed at
a distal end 36 of the inspection scope 22. The scope
sensor 32 is arranged with (e.g., mounted to and/or in)
the scope head 30 and, thus, is disposed at (e.g., on,
adjacent or proximate) the scope distal end 36. The
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scope sensor 32 is configured to collect, capture, sense
and/or otherwise obtain feature data for the gas turbine
engine apparatus 10 (see FIG. 1). The scope sensor 32,
for example, may be configured as a camera (e.g., a still
image camera and/or a video camera) configured to cap-
ture an image of one or more internal surfaces of the gas
turbine engine apparatus 10.
[0032] The processing system 26 is configured in sig-
nal communication (e.g., hardwired and/or wirelessly
coupled) with the inspection scope 22 and its scope sen-
sor 32 as well as the display 24. The processing system
26 of FIG. 2 may be in signal communication with the
scope sensor 32 through one or more signal paths ex-
tending within the scope body 28.
[0033] The processing system 26 may be implemented
with a combination of hardware and software. The hard-
ware may include memory 38 and at least one processing
device 40, which processing device 40 may include one
or more single-core and/or multi-core processors. The
hardware may also or alternatively include analog and/or
digital circuitry other than that described above.
[0034] The memory 38 is configured to store software
(e.g., program instructions) for execution by the process-
ing device 40, which software execution may control
and/or facilitate performance of one or more operations
such as those described in the methods below. The mem-
ory 38 may be a non-transitory computer readable me-
dium. For example, the memory 38 may be configured
as or include a volatile memory and/or a nonvolatile mem-
ory. Examples of a volatile memory may include a random
access memory (RAM) such as a dynamic random ac-
cess memory (DRAM), a static random access memory
(SRAM), a synchronous dynamic random access mem-
ory (SDRAM), a video random access memory (VRAM),
etc. Examples of a nonvolatile memory may include a
read only memory (ROM), an electrically erasable pro-
grammable read-only memory (EEPROM), a computer
hard drive, etc.
[0035] FIG. 3 is a flow diagram of a method 300 for
inspecting an apparatus of a gas turbine engine. For ease
of description, the method 300 is described below with
reference to the gas turbine engine apparatus 10 of FIG.
1 and the inspection system 20 of FIG. 2. The method
300, however, may alternatively be performed for in-
specting other gas turbine engine apparatuses and/or
performed using other inspection systems.
[0036] In step 302, a model of the gas turbine engine
apparatus 10 is loaded into the processing system 26.
This apparatus model may be a three-dimensional (3D)
or two-dimensional (2D) computer model (e.g., computer
aided design (CAD) model) of the gas turbine engine
apparatus 10. The apparatus model, for example, may
be the same model that provides design specifications
for manufacturing the gas turbine engine apparatus 10.
Alternatively, the apparatus model may be generated
during another (previous) inspection and/or mapping of
the gas turbine engine apparatus 10, or an inspection
and/or mapping of another like gas turbine engine appa-

ratus with the same configuration (e.g., another one of
the same components).
[0037] In step 304, the inspection scope 22 is disposed
within the apparatus interior 12. For example, referring
to FIG. 4, the scope head 30 and a portion of the scope
body 28 may be inserted into the apparatus interior 12
via an entry 42 (e.g., an opening) into the gas turbine
engine apparatus 10. The scope head 30 and the scope
sensor 32 are thereby disposed within a portion of one
of the interior volumes 14 (e.g., 14A) of the gas turbine
engine apparatus 10; e.g., the trunk passage 16 of FIG. 4.
[0038] In step 306, feature data indicative of one or
more features of the gas turbine engine apparatus 10
within the apparatus interior 12 is obtained. The scope
sensor 32 (e.g., the camera), for example, may capture
(e.g., take) an image (e.g., a still image or a video) of one
or more surfaces of the gas turbine engine apparatus 10
within the respective internal volume 14 (e.g., 14A). The
scope sensor 32 may generate (e.g., live) image data
indicative of one or more features from the image, which
image data is or includes the feature data.
[0039] In step 308, the feature data (e.g., the image
data) is communicated from the scope sensor 32 to the
processing system 26.
[0040] In step 310, a (e.g., current) location 44 of the
inspection scope 22 within the apparatus interior 12 is
determined. More particularly, the processing system 26
processes the feature data (e.g., the image data) to de-
termine the location 44 of the scope sensor 32 / the scope
head 30 within the apparatus interior 12 when the scope
sensor 32 obtained the feature data; e.g., the location 44
where the camera captured (e.g., took) the image of the
gas turbine engine apparatus surface(s). The processing
system 26, for example, may compare one or more fea-
tures in the feature data (e.g., the image data) to one or
more features in model data from the model of the gas
turbine engine apparatus 10. For example, using pattern
recognition software, the processing system 26 may de-
termine which surface(s) from the model most closely
resemble the surface(s) in the image of the gas turbine
engine apparatus 10. Where one of the surfaces in the
image of the gas turbine engine apparatus 10 has a cer-
tain curvature, for example, the processing system 26
may look for surfaces in the model with similar curvatures.
Where the processing system 26 finds a closest match
between the curvature of the respective apparatus sur-
face in the image and the curvature of a surface in the
model, the processing system 26 may generate location
data indicative of the location 44 of where the scope sen-
sor 32 was mostly likely positioned within the apparatus
interior 12 to capture the image of the respective sur-
face(s). The location data may thereby identify the loca-
tion 44 of the scope sensor 32 / the scope head 30 within
the apparatus interior 12. Of course, the processing sys-
tem 26 may also or alternative compare other features
such as, but not limited to, edges, protrusion types and/or
arrangements, intersections, etc.
[0041] In some embodiments, the processing system
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26 may also utilize additional data to aid in the compar-
ison of the feature data (e.g., the image data) with the
model data. For example, to narrow down a scope of
search for a matching surface, the processing system 26
may use distance data and/or entry data. The distance
data may be indicative of a distance traveled by the scope
sensor 32 / the scope head 30 within the apparatus in-
terior 12. This distance traveled may be determined by
measuring a longitudinal length 46 of a portion of the
inspection scope 22 disposed outside of the gas turbine
engine apparatus 10, which may then be subtracted from
a known total longitudinal length of the inspection scope
22 to provide the distance traveled. The entry data may
be indicative of which entry point (e.g., 42 or 42’ to internal
volume 14E) the inspection scope 22 entered the appa-
ratus interior 12. This information may be particularly use-
ful where the gas turbine engine apparatus 10 include
more than one entry to its interior 12; e.g., see dashed
line in FIGS. 1 and 4.
[0042] In step 312, the (e.g., current) location 44 of the
inspection scope 22 within the apparatus interior 12 is
displayed. For example, referring to FIG. 5, the inspection
system 20 may use the display 24 to present an image
48 of at least a portion (or an entirety) of the apparatus
interior 12 generated from the model and overlay a cur-
rent location (e.g., 44) of the inspection scope 22. An
operator may thereby understand where the inspection
scope 22 and its elements 30 and 32 are located within
the apparatus interior 12. By contrast, without such a
display, the operator may need to rely on experience and
interpreting images obtained from the scope sensor 32
(e.g., the camera) to estimate where the inspection scope
22 and its elements 30 and 32 may be located. The dis-
play 24 of FIG. 2, of course, may also or alternatively be
used to display the image(s) captured by the scope sen-
sor 32.
[0043] In step 314, movement of the inspection scope
22 is tracked within the apparatus interior 12 while, for
example, the inspection scope 22 is within the apparatus
interior 12. The processing system 26 of FIG. 2, for ex-
ample, may record (e.g., save) the location data in the
memory 38. The inspection scope 22 of FIG. 4 may then
be inserted further into the apparatus interior 12 and the
steps 306, 308, 310 and 312 may be repeated for this
new location, and location data associated with the new
location may also be recorded in the memory 38 (see
FIG. 2). The inspection system 20 may thereby have a
record of where the inspection scope 22 and its elements
30 and 32 moved within the apparatus interior 12. Refer-
ring to FIG. 6, this information may be utilized by the
inspection system 20 and its processing system 26 to
map one or more areas (e.g., see shaded area 50) of the
apparatus interior 12 that were inspected using the in-
spection scope 22; e.g., see FIG. 6. The information may
also or alternatively be utilized by the inspection system
20 and its processing system 26 to identify one or more
areas (e.g., see shaded area 52) of the apparatus interior
12 that were not inspected using the inspection scope

22. The operator may thereby understand if a complete
inspection of the apparatus interior 12 has been per-
formed, which is particularly useful where the gas turbine
engine apparatus 10 include many different (but visually
similar) internal volumes 14.
[0044] In some embodiments, the image data may be
linked with the location data associated with that image
data to provide location-linked image data. This location-
linked image data may be saved in the memory 38 (see
FIG. 2) for subsequent recall; e.g., during and/or after
the inspection with the inspection scope 22. Thus, the
operator or other personnel may further review the image
associated with a particular location of interest, for ex-
ample, after the inspection scope 22 is removed from the
gas turbine engine apparatus 10.
[0045] In some embodiments, the method 300 may be
performed while the gas turbine engine apparatus 10 is
separate (e.g., outside of, disassembled from, etc.) the
gas turbine engine. In other embodiments, the method
300 may be performed while the gas turbine engine ap-
paratus 10 is arranged with (e.g., installed in, etc.) the
gas turbine engine.
[0046] The gas turbine engine apparatus 10 may be
included in various types and configurations of gas tur-
bine engines. The gas turbine engine apparatus 10, for
example, may be included in a geared gas turbine engine
where a gear train connects one or more shafts to one
or more rotors in a fan section, a compressor section
and/or any other engine section. Alternatively, the gas
turbine engine apparatus 10 may be included in a gas
turbine engine configured without a gear train; e.g., a
direct drive gas turbine engine. The gas turbine engine
apparatus 10 may be included in a gas turbine engine
configured with a single spool, with two spools, or with
more than two spools. The gas turbine engine may be
configured as a turbofan engine, a turbojet engine, a tur-
boprop engine, a turboshaft engine, a propfan engine, a
pusher fan engine or any other type of gas turbine engine.
The gas turbine engine may alternative be configured as
an auxiliary power unit (APU) or an industrial gas turbine
engine. The present disclosure therefore is not limited to
any particular types or configurations of turbine engines.
[0047] While various embodiments of the present dis-
closure have been described, it will be apparent to those
of ordinary skill in the art that many more embodiments
and implementations are possible within the scope of the
disclosure. For example, the present disclosure as de-
scribed herein includes several aspects and embodi-
ments that include particular features. Although these
features may be described individually, it is within the
scope of the present disclosure that some or all of these
features may be combined with any one of the aspects
and remain within the scope of the disclosure. Accord-
ingly, the present disclosure is not to be restricted except
in light of the attached claims and their equivalents.
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Claims

1. An inspection method, comprising:

inserting an inspection scope into an interior of
an apparatus of a gas turbine engine;
capturing an image of the interior of the appa-
ratus to provide image data;
determining a location of the inspection scope
within the interior of the apparatus when the im-
age was captured to provide location data, the
determining of the location comprising compar-
ing the image data to model data from a model
of the apparatus; and
tracking movement of the inspection scope with-
in the interior of the apparatus using the location
data.

2. The inspection method of claim 1, wherein

the inspection scope includes an image sensor,
wherein the image sensor optionally comprises
a camera; and
the image is captured using the image sensor.

3. The inspection method of claim 2, wherein the image
sensor is arranged at a head of the inspection scope.

4. The inspection method of any preceding claim,
wherein the model is a CAD model of at least a por-
tion of the interior of the apparatus.

5. The inspection method of any preceding claim,
wherein the comparing of the image data to the mod-
el data comprises comparing one or more surface
features in the image to one or more surface features
in the model.

6. The inspection method of any preceding claim,
wherein the determining of the location further com-
prises

determining a distance traveled by the inspec-
tion scope within the interior of the apparatus to
provide distance data; and
using the distance data during the comparing of
the image data to the model data.

7. The inspection method of any preceding claim, fur-
ther comprising:

providing entry location data indicative of where
the inspection scope enters the interior of the
apparatus; and
the determining of the location further comprises
using the entry location data during the compar-
ing of the image data to the model data.

8. The inspection method of any preceding claim,
wherein the movement of the inspection scope within
the interior of the apparatus is tracked to map which
one or more areas of the interior of the apparatus
have been inspected with the inspection scope.

9. The inspection method of any preceding claim,
wherein the movement of the inspection scope within
the interior of the apparatus is tracked to identify
which one or more areas of the interior of the appa-
ratus were not inspected with the inspection scope.

10. The inspection method of any preceding claim, fur-
ther comprising:

linking the image data to the location where the
image was captured to provided location-linked
image data; and
saving the location-linked image data for recall
following removal of the inspection scope from
the interior of the apparatus.

11. The inspection method of any preceding claim,
wherein the interior of the apparatus comprises a
network of internal volumes.

12. The inspection method of any preceding claim,
wherein the inspection scope is inserted into the in-
terior of the apparatus while the apparatus is sepa-
rate from the gas turbine engine.

13. The inspection method of any of claims 1-11, where-
in the inspection scope is inserted into the interior of
the apparatus while the apparatus is arranged with
the gas turbine engine.

14. An inspection method, comprising:

inserting a sensor into an interior of an apparatus
of a gas turbine engine;
obtaining feature data indicative of a feature
within the interior of the apparatus using the sen-
sor;
determining a location of the sensor within the
interior of the apparatus when the feature data
was obtained to provide location data, the de-
termining of the location comprising comparing
the feature data to model data from a model of
the apparatus; and
mapping one or more areas of the interior of the
apparatus that have been inspected with the
sensor using the location data,

wherein the inspection method optionally further
comprises:

identifying one or more areas of the interior of
the apparatus that have not been inspected with
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the sensor using the location data; and/or
capturing an image of the interior of the appa-
ratus to provide image data using the sensor,
the image data comprising the feature data.

15. A system for inspecting an interior of an apparatus,
the system comprising:

an image sensor configured to

insert into the interior of the apparatus; and
capture an image of the interior of the ap-
paratus to provide image data; and

a processing system configured to

determine a location of the image sensor
within the interior of the apparatus when the
image was captured to provide location da-
ta, wherein the location is determined by
comparing the image data to model data
from a model of the apparatus; and
map one or more areas of the interior of the
apparatus that have been inspected

with the image sensor using the location data,

wherein optionally:

the system further comprises a borescope that
comprises the image sensor; and/or
the processing system is further configured to
identify one or more areas of the interior of the
apparatus that have not been inspected with the
image sensor using the location data.
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